Over the past three decades, there has been a large expansion in noninstitutional long-term care (LTC) use, and public financing of long-term care services has been shifting away from nursing homes toward home and community-based services (HCBS). Medicaid, the primary payer for LTC for elderly people, spent 46% of its total LTC dollars on HCBS on average as of 2013, up from 13% in 1990. 
| INTRODUC TI ON
Over the past three decades, there has been a large expansion in noninstitutional long-term care (LTC) use, and public financing of long-term care services has been shifting away from nursing homes toward home and community-based services (HCBS). Medicaid, the primary payer for LTC for elderly people, spent 46% of its total LTC dollars on HCBS on average as of 2013, up from 13% in 1990. 1 The rationale for this expansion is based mainly on two assumptions: (a)
LTC users generally prefer HCBS to institutional care, and (b) for nursing home residents with less intensive care needs, HCBS may be cheaper. A related strand of literature on the health impact of informal care provision on caregiver's health finds mostly harmful effects.
Substantial evidence suggests that, compared to noncaregivers, informal caregivers are at higher risk of having depression, anxiety, psychiatric problem, poor self-rated health, chronic diseases, and functional limitations. [3] [4] [5] [6] [7] [8] [9] [10] Furthermore, greater caregiver burden and worse health outcomes are found among female caregivers, [10] [11] [12] caregivers with more intensive caregiving responsibility, [13] [14] [15] DOI: 10.1111/1475-6773.13053 
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caregivers for mentally impaired individuals, 5, 7, 16 and spousal caregivers. 17 Meanwhile, a small body of literature finds beneficial mental health effects of caregiving such as improved self-esteem and appreciation of life; [18] [19] [20] and beneficial physical health effects such as reduced mortality. 21, 22 Results from those studies may not apply to our research question and population. First, care settings may affect spousal health through mechanisms other than informal care provision. For example, spouses may derive higher satisfaction and better mental health from living with their partners at home. [23] [24] [25] [26] [27] Second, prior studies compare health outcomes of caregivers against noncaregivers, whereas our study compares health outcomes of spouses of HCBS users against spouses of nursing home users. Since the negative health effects caused by informal caregiving are well established, a more important question is whether HCBS (vs institutional care) may lead to relatively better spousal health outcomes, given that both scenarios may involve caregiving. Our study informs the potential health outcomes of spouses under different LTC settings. Third, many prior studies of caregiving focus on nonspousal caregivers such as adult children. Since spousal caregivers are usually older and at a higher risk of age-related physical and cognitive decline, 28 they constitute an especially important and understudied group. In addition, most of the studies are cross-sectional, and may not address the endogeneity of informal care provision and establish a causal relationship. 29 Only two prior papers address this endogeneity issue using an instrumental variable (IV) approach. 11, 30 Therefore, the overall impact of HCBS use on spousal health remains unclear.
To inform policy makers about the potential costs and benefits of HCBS expansion for spouses of HCBS recipients and help them to design programs to better support spouses, a rigorous evaluation of the impact of HCBS (vs nursing home) on spousal health outcomes is needed. To the best of our knowledge, our study is the first to examine this causal relationship. By focusing on spouse caregivers, we are able to study the family members that are potentially most vulnerable to HCBS expansion. We address the potential endogeneity of the choice of care setting and reverse causality using an IV approach.
| CON CEP TUAL FR AME WORK
Theoretically, HCBS may affect spousal health through several mechanisms. The shift to HCBS might harm spousal health, since substituting HCBS for nursing home care may increase spouse's caregiving burden. At the same time, spouses may derive satisfaction and better mental health outcomes from providing more intensive informal care ("warm-glow giving" 23, 24 ), from enabling care recipients to stay in their preferred LTC setting ("altruistic spouse" 25, 26 ), and from utility gains from living together with the care recipients ("cohabitation model" 27 ). Because these theories provide potentially conflicting directions of health effect, this question must be studied empirically.
The potential endogeneity of the care setting poses a key challenge of identifying the causal relationship between care setting and spousal health. In many cases, the care setting is chosen by care recipients and/or their spouses and may, therefore, be correlated with factors that also affect spousal health. File (AHRF). We use data from waves 3-11 (1996-2012) of the HRS for our analyses because these are the years for which all our datasets and key variables are available.
| Sample
We use a pooled person-wave sample and account for multiple observations of the same individuals in the error structure in our regression analyses. A schematic of our analysis sample is pictured in Figure S1 . From the combined HRS sample, we limit our primary 
| Dependent variables: spousal health outcomes
We examine physical and mental health outcomes of the spouses.
| Self-rated health
We use a dichotomous variable to indicate whether the respondent has good or better self-rated health.
| Activities of Daily Living (ADLs)
We use a dichotomous variable to indicate whether the respondent needs help with ADLs.
| Instrumental Activities of Daily Living (IADLs)
We use a dichotomous variable to indicate whether the respondent needs help with IADLs.
| Psychiatric problems
We use a dichotomous variable to indicate whether the respondent has reported the onset of emotional, nervous, or psychiatric problems since the last interview.
| CESD8 index
We use the well-established Center for Epidemiologic Studies Depression (CESD) scale to measure depression. It is the sum of six self-reported "negative" measures (whether the respondent experienced depression, everything is an effort, sleep is restless, felt alone, felt sad, and could not get going, all or most of the time over the week prior to the interview) minus 2 "positive" measures (whether the respondent felt happy and enjoyed life, all or most of the time over the week prior to the interview). We use a dichotomous variable to indicate whether the respondent has a score of 3 or above, which is consistent with probable clinical depression. 33, 34 It is worth noting that the symptoms in the scale are among those on which a clinical diagnosis of depression is based, but other diagnoses may also be necessary to determine the disease. 
| Key independent variable: HCBS use
The HRS questions for HCBS use are "Since the previous interview, has any medically-trained person come to your home to help you?", and "In the last two years, did you use any special facility or service such as: an adult care center, a social worker, an outpatient rehabilitation program, or transportation or meals for the elderly or disabled?". The HRS question for nursing home use is "Since the previous interview, have you been a patient overnight in a nursing home, convalescent home, or other long-term health care facility?". Individuals are considered to be HCBS users if they answer "yes" to any of the two HCBS questions, and are considered to be nursing home users if they answer "yes" to the nursing home question.
| Control variables
We control for (or in some cases, stratify by) a rich set of spouse-and user-level variables available in the HRS that might be related to both LTC setting and the spouse's health outcomes. We use year fixed effects to account for general time trends in spousal health, such as changes over time in the macroeconomy that could affect depression symptoms. We use state fixed effects to account for unobserved timeinvariant state characteristics that may affect spousal health outcomes.
| Empirical model
We begin by estimating the impact of care settings on spousal health using a naïve logistic regression model:
where 
| Instrumental variable design
The main concerns with the naïve logistic regression estimates are potential endogeneity bias and reverse causality. We use an IV approach to address these issues. 32 An ideal instrument should predict the treatment (HCBS vs nursing home care) but should not affect spousal health after observed confounders are controlled for. Theoretically, if an IV balances both measured and unmeasured characteristics between treatment and control groups, then the selection bias can be minimized. 35, 36 Our instrument is based on the exogenous variation in HCBS use caused by differences in nursing home supply in the local market.
Specifically, we use the county-level number of skilled nursing facility beds per 1000 people older than 65 years as our IV. The nursing home care market option that a family faces has a direct impact on their effective demand for nursing home care and ability to get alternative care arrangements. Therefore, our instrument should be negatively correlated with HCBS use.
There is substantial variation in our IV: the county-level numbers (Table S1 ).
(1) 
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Some potential threats to IV exogeneity should be considered.
First, the IV would be endogenous (and therefore not a valid IV)
if people move to counties with their preferred care settings, so people are not "randomly assigned" to different care settings based on where they live. Although only <2% of our sample reported moving to their current home due to health or health services reasons, we exclude all individuals who moved from a different county 2 years before they used LTC services, and in a sensitivity analysis, we further exclude individuals who moved from a different county 4 years before they used LTC services.
Second, the IV would be endogenous if supply of nursing homes responds to demand. This is unlikely to be a concern, especially in the short run, because the supply of nursing homes is often constrained due to state moratoria on building and Certificate of Need regulation 37 and high entry costs. We find that the average annual change in number of nursing home beds is only about 0.8% during our study period. Third, the IV would be endogenous if it is correlated with county-level variables (eg, area-level wealth and education) that may be correlated with spouse-level variables that may in turn affect spousal health. Therefore, we carefully control for a rich set of socioeconomic status variables, and present an "IV balance check" table to assess whether treatment and control observations are plausibly balanced on observable characteristics at the individual level, lending support to the idea that our instrument pseudorandomizes observations. 38 Table S2 shows the correlation coefficients and P values between the nursing home supply IV and each of the independent variables while controlling for the other independent variables, as the exogeneity requirement is conditional. 32 While a few minor differences in observable characteristics for counties with more or fewer nursing home beds emerge as statistically significant (spouse ethnicity; LTC user's mobility and pain), the differences in all the other observed characteristics are not statistically significant at the 0.10 level.
These results show that the IV approach has greatly improved sample balance in observed characteristics, providing support for the validity of the IV.
| Instrumental variable models
We use the two-stage residual inclusion (2SRI) method since our dependent variables are binary. 39 Our first-stage, logistic regression model uses the IV to predict HCBS use:
where IV rt is the county-level number of nursing home beds per 1000 people older than 65 for LTC recipient r at time t and the other variables are the same as described in Equation (1 Table 2 reports the results of our main models.
| RE SULTS
| Descriptive statistics
| Regression results of the main models
We expect spouses of HCBS users to have worse physical health outcomes due to potentially greater informal caregiving responsibility. In line with this hypothesis, we find that relative to nursing home use, HCBS use leads to a 9. 
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For mental health outcomes, we find that HCBS use leads to Table 3 reports the results of our sensitivity analyses.
| Regression results of sensitivity analyses
The results of the longer-run models show that the harmful effects on physical health persist at the t + 1 wave, suggesting possible cumulative effects in functional disability. On the other hand, the effects on both mental health outcomes are in the harmful direction, but both are insignificant and small in magnitude, suggesting the beneficial mental health effects are transient.
The IV estimates of the lagged dependent variable models are generally consistent with our main estimates in direction and significance, but are slightly smaller in magnitude. Given that lagged dependent variable models often suffer from autocorrelation, which tends to bias coefficients toward zero, we tested for first-order autocorrelation and found it to exist for three of our four outcomes.
Thus, autocorrelation may explain the smaller magnitude in these models, but the consistency of direction and significance suggests that our IV estimates are robust to the inclusion of lags.
The results of 30-day nursing home models and the recipients with ADL/IADL/cognitive problems models also support our main Note: Standard errors in parentheses. *P < 0.1; **P < 0.05; ***P < 0.01. 
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| CON CLUS IONS
Although there has been a large expansion in noninstitutional LTC during the past several decades, HCBS cost-effectiveness research has not focused on health or well-being of spouses. In this paper, we estimate the effects of HCBS use on key spousal health outcomes.
We find that HCBS use is associated with consistently harmful effects on spousal physical health, both in the short term and the longer term, which may potentially be caused by increased informal care responsibilities. We also find improved spousal mental health outcomes, especially in depression symptoms, which may potentially be caused by increased satisfaction derived from providing 
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